Introduction
An important recent trend in science is the serious attempt being made 1 to relate surface science, 2 generally considered basic research, to catalysis, 3 traditionally a very applied discipline. One result of the surface chemistry -+ catalysis expedition is an awakening of interest .
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in the properties of small metal clusters. During the past several years, anumber of ab initio theoretical studies 5 -12 of metal clusters have been carried out. On the experimental side a key issue has been the rate at which the dissociation energy of a small metal particle M approaches the n cohesive energy of the metal with respect to the number of metal atoms. n.
Perhaps the most fascinating s·tudy of this type is the shock tube research of Freund and Bauer 13 on iron atom clusters. They conclude that the approach to infinite. (metallic) behavior is relatively slow, with e.g., the Fe 100 cluster having only~ 65% of the metal's cohesive energy.
In general, one of the most severe challenges for ab initio electronic structure theory has been the reliable prediction of dissociation energies.
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The best known example is the F 2 molecule, for which the Hartree-Fock approximation predicts no b . d .
1·. 1 15 H . k
1n 1ng at a • owever, 1n our war on 16 beryllium.clusters, it was suggested that in certain cases Hartre.e-Fock theorymay tie capable af·reaso.nable cohesive energy predictions. For Be n (and Mg , Ca , etc.) systems the usual expectancy that ther. e will be more -3-functions begin to contribute to the molecular wave function, and at the equilibrium geometry, the Be valence shell hybridization is roughly sp . . \ Thus, in a ce.rtain sense, the Hartree-Fcick wave function actually provides a bett~r description of the Be cluster than of the n separated Be atoms.
. n
Of course p functions do contribute significantly to the Be atom wave functions but only after configuration interaction (CI) is introduced,
most rea ily. y a ding the ls p egeneracy effect con 1gurat1on.
Although the above.model may appear limited, it is also at least partially applicable to all transition metals with atomic ground electron 2 n 2 5 configurations of the form s d , e.g. the Mn atom 4s 3d . Here again the s-p hybridization is not allowed for the Hartree-Fock atom, but will be '. qualitatively described in the Hartree-Fock treatment of metal clusters.
To the degree to which the met?l sp hybridization is involved in the metal clusters, the Hartree-Fock approximation may provide reasonable cohesive energy predictions.
The purpose of the present research was to explicitly test the validity of the Hartree-Fock model in predi,cting the dissociation energy of a simple metal cluster. Primarily for two reasons the tetrahedral Be 4 system was chosen. First it is the smallest Be cluster to exhibit any significant n amount of binding.
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Secondly, Be 4 has been the subject of a previous study at the Hartree-Fock level of theory. The theoretical approach adopted was the recently developed theory of self-consistent electron pairs (SCEP 
~~ is a substitution of the li> orbital by the Ia> virtual orbi~al and Ca
is a simple expansion coefficient.
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A direct operator formalism is used to achieve an it'erative selfconsistent solution of the form
where ljJ;b is a specific substitution of the pair P. The solution of (3) is performed independently of (4). That is, a set of iterations involving only double substitutions are performed to achieve an optimum wave function of the form of (1). This part of the wave function (ljJ in 1jJ ) is held fixed, 
l.
s (10) where E.
E + E' + E and P -(ii, 1) 0 p s (11) It should be noted that the choice of E. does not affect the final However, it will have some small effect on the result of a fixed-1/J calculation. ( R = 100 a.u.) gave an energy of '-58.46619
while four times the variational SCEP energy of a Be atom is -58.46659.
As a percentage of the correlation energy, the fixed-lji CEPA error is, then, 0 0.2%. This does not seem to be a serious error but does suggest that more care should be taken in using the fixed-lji . CEPA calculations than fixed.:_lji to add the correlation correction to the latter,result and suggest 2.10 A as the estimated Be-Be bond distance.
The predicted SCEP dissociation energy is 35.5 kcal, or only 1. 6 kcal greater than the SCF result obtained with the same basis. At the predicted SCEl' equilibrium geometry and at infinite separation (actually r(Be-Be) = 100 bohrs), the SCEP/GEPA procedure described above has been carried out. To aid in a visual picture of the correlation effects, Table II gives the SCEP and SCEP/CEPA pair energies. . . . 19 20 As discussed earl~er ' the SCEP pair energies are variational in that they sum to yield the total variational SCEP energy. The SCEP/CEPA energies sum to give the nonvariational SCEP/CEPA energy. We first note that the qualitative picture of the different pair energies is the same in the SCEP and CEPA treatments. The only difference is that the CEPA pair energies are uniformly greater in magnitude.
In light of Table II, the "fortuitous" accuracy of the Hartree-Fock approximation in Be cohesive energy predictions is readily understood. . . .
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